Abstract-Upon the totally unexpected theft of the original 600 MHz HTS insert that occurred in December 2011, we were forced to examine our entire 1.3 GHz NMR Magnet program anew and determined that a combination of a 600 MHz LTS magnet and a 700 MHz HTS insert (H700) would yield a 1.3 GHz LTS/HTS magnet that meets the technical specifications consistent with economic constraints. Although this new 700 MHz HTS insert still comprises, as H600, a YBCO inner coil and a Bi2223 outer coil, it incorporates innovative design features. In addition to presenting the major design parameters of the new H700, we discuss here its key electromagnetic and mechanical issues.
T HE PROGRESS of our 1.3 GHz LTS/HTS NMR magnet program [1] has been abruptly interrupted by the theft, in December 2011, of all 112 double pancakes (DP) ready to be assembled as the inner and outer coils of the 600 MHz all HTS insert of our 1.3 GHz NMR magnet [2] . The incident forced us to re-examine the entire electromagnetic and mechanical design of the 1.3 GHz magnet, making use of the latest advances in magnet technology. The original version of the 1.3 GHz was to be comprised of a 700 MHz all LTS (L700) background magnet and a 600 MHz (H600) all HTS insert.
The new design presented here, has the magnet roles reversed, that is the LTS background magnet now provides 600 MHz (L600) while the all-HTS insert generates 700 MHz (H700). Fig. 1 has a schematic to-scale representation of the original and new HTS inserts in the bore of their respective background LTS magnets.
The main reason to proceed in our 1.3 GHz NMR program as a combination of L600 + H700 rather than L700 + H600 comes chiefly from the economics constrains.
The cost of an all-LTS NMR magnet is nearly directly proportional to the magnet stored energy [3] , e.g., the stored energy of a 700 MHz LTS magnet is ∼24 MJ, while that of a 600 MHz LTS magnet is ∼15 MJ. This means that an L700 is approximately 60% more costly than an L600. On the other hand, conductor replacement cost for the original H600 is approximately equal to the conductor cost for the innovative H700 described in this paper.
II. NEW ALL HTS 700 MHZ INSERT

A. General
The new HTS 700 MHz (H700) insert will comprise, as the original 600 MHz was, two nested stacks of double-pancake coils (DPs), the arrangement necessitated by the high stresses that the insert will withstand during operation.
The new inner coil will be wound with 6-mm wide "YBCO" tape from SuperPower, while the outer coil will, once again, be wound with reinforced Bi2223 Type HT-SS tape from Sumitomo Electric Industries. The effect of an increase, although not substantial, of the screening currents introduced by a wider YBCO tape (6 mm as opposed to the original 4 mm wide tape), has been considered in our design.
Conductor specifications, as provided by the manufacturers and which meet our specifications, are listed in Table I . The key parameters of the new YBCO and Bi2223 insert coils that constitute H700 are listed in Table II. 1051-8223/$31.00 © 2012 IEEE Compared with the original design of the H600, in which the inner YBCO coil was co-wound with a copper strip insulated in one side, the new H700 incorporates two innovative features: 1) the inner YBCO coil having no turn-to-turn insulation [4] , [5] ; 2) "inside"-notch DPs, introduced for those at and near the midplane, for field homogeneity enhancement. This noinsulation (NI) winding technique results in a compact coil of a high overall current density, robust winding, and improved stability/protection. Fig. 2 illustrates compactness of a NI-wound YBCO coil, the technique of which is adopted for the new YBCO coil, against a copper/insulation YBCO coil, the technique used in the original YBCO coil. Both coils have the same inner diameter and generate the same central field. (The NI technique and its design issues are discussed in a paper elsewhere in this conference [6] .)
Notched coils, the standard presence in NMR and MRI magnets [7] , [8] , are deployed to enhance the magnet field homogeneity. To enhance the field homogeneity of a "short" coil such as the new YBCO and Bi2223 coils, each comprising a stack of DPs, the "notching" is introduced in each stack in the form of "inside-notch" DPs placed at and near the midplane, 8 and 2 notched DPs, respectively, in the YBCO and Bi2223 coils, as indicated in Table II . Notching is further discussed below. 
B. Design A and Design B for H700
Designs A and B were considered for H700. In Design A, both YBCO and Bi2223 coils comprise 56 DPs, wound with tapes of respective "standard" widths (4 mm for YBCO and 4.3 mm for Bi2223) as are those of H600. In Design A, YBCO coil is 462.2 mm high, while the Bi2223 coil is 518.2 mm high, requiring total conductor lengths, respectively, of 6.3 km and 8.8 km. In Design B, the YBCO coil of 26 (8 of notched) NI DPs, each wound with 6-mm wide tape, is 318.6 mm and requires a total conductor length of 3.3 km; similarly, the Bi2223 coil of 40 (2 of notched) DPs, each of 4.3-mm wide tape, is 370.2-mm high and requires a total conductor length of 5.3 km. Fig. 3 presents to-scale schematics of the two designs.
In Design A, the calculated field homogeneity over a 3-cm DSV is 170 ppm. In Design B, it is 15 ppm, enhanced remarkably from 1200 ppm of no notched DPs in both coils.
C. Coils Assembly
The coils will be wound with the winding machine which was designed and constructed at FBML for H600, the machine Fig. 4 . Sketch, to-scale, showing the coil assembly. In red, the inner coil wound with YBCO conductor; in black, the outer coil wound with Bi2223 conductor. Also shown are the jacking screws/Belleville washers that provide the axial preload. Bottom screws allow for coil magnetic center alignment. fully described elsewhere [1] . As in the original H600, each DP in the YBCO coil, as stated before, will be wound with no turn-to-turn insulation, while that in the Bi2223 coil will be co-wound with 50-μm thick stainless steel strip. As with the original H600, a thin layer of insulating G-10 is inserted between each pancake in H700. The same insulation layer will be used between each DP in each coil.
Once that all the DPs have been wound and fully characterized by testing in LN2, their stacking order will be determined to produce the best field profile possible. The stack of DPs will be then placed in a supporting structure consisting of a central stainless steel (SS) tube and end flanges. The central SS tube acts as a centering component and also prevents radial motion of individual DPs. A set of jacking screws for each coil, acting upon Belleville (spring) washers, will provide the axial preload required by the system. The preload guarantees that no relative motion, in the azimuthal direction between pancakes during the energizing of the H700, will occur and also it transforms the entire assembly into a single structural entity. During cooldown, the Belleville washers maintain the integrity of the assembly. After stacking and axially preloading each coil, we will electrically connect adjacent DPs in each coil, i.e., the bottom pancake of one DP with the top pancake of the DP below. Once all inter-DP connections are made, each coil will have a SS wire overbanding, layer-wound over the outermost assembly. The overbanding will maintain the radial stresses within each coil of H700, whether H700 is operated itself or in a background field of a 600-MHz LTS magnet. We are presently conducting test to refine the overbanding technique, specifically targeted to H700. See [6] , this same conference. The assembly structure in H700 incorporates a set of bottom screws that serves to allow fine alignment of the magnetic centers of the two coils. Fig. 4 shows a sketch of the complete assembly of H700. Not shown in the figure are bumpers installed to prevent lateral movement and therefore misalignment. Fig. 5 shows a sketch of the complete assembly. Also not shown is a top interface that fully integrates the inner and outer coils into H700.
D. Splices
The electrical connections are splices of the lap-joint type that will be made directly on the coils, in the curved configuration, thus eliminating a potential damage to the splice that could occur if the splice is made straight and then bend to conform to the coil shape. Fig. 5 shows schematically the splice configuration. The H700 has two types of splices: YBCO-YBCO for the inner coil, and Bi2223-YBCO-Bi2223 splices for the outer coil. In developing a joining technique that would yield consistent low splice resistance values, particular attention has been paid to the cleaning process of the splice components, since it has shown to influence the contact resistivity. The splices are made with the side that has the YBCO layer closer to the surface facing each other, thus ensuring that the current path in going through the splice involves, for instance in the case of YBCO, only low resistance superconductor components, such as the 10-μm copper stabilizer and the 2-μm silver overlayer and not high resistivity components, namely the 50-μm Hastelloy in this case. All splices will be approximately 100 mm long. A complete detailed discussion of the splices is presented in a companion paper (this conference [9] ).
As indicated in Table II , the inner YBCO coil consists of 26 DPs, requiring 25 inter-DP connections. On the other hand the outer Bi2223 coil having 40 DPs will have 39 such connections. Based on experimental results [9] an average resistivity value for a splice is taken as 100 nΩ − cm 2 ; noting that the operating currents of both coils is 257 A (Table II) , the 25 10-cm long, 6-mm wide YBCO lap-joints will generate a dissipation of 27 mW, while the 39 Bi2223 splices of the same length will dissipate ∼57 mW. The total dissipation of 84 mW due to the 64 splices translates into a LHe consumption of ∼100 cc/hr.
III. CONCLUSION
A new design for the all-HTS insert component of the 1.3 GHz NMR magnet, forced upon us due to the loss, by theft, of the original H600, is described. Two design options for a 700 MHz HTS insert (H700) are discussed that meet not only the electromagnetic but also economic requirements. The new H700 incorporates two innovative design features: i) no-insulation winding; and ii) inside notch DP coils.
